were rare in specimen 2. Amyloid fibrils were not seen. Congo red stain was negative. This is the first report of this neoplasm in a cow although the above neoplasm has been described previously in a female moufflon.8 Many features of specimen I in this report are similar to those reported in man' and animals' 2-1"except for the absence of amyloid deposits in our cases. Follicles with or without colloid were found by light microscopy in both neoplasms as they were previously described" or dep i~t e d .~.~~ According to Kameda (cited by Moore).' C cell complexes in the dog are of ultimobranchial origin and apparently are capable of differentiation into C cells or thyroid follicular cells.
Based on presence of cytoplasmic argyrophilic granules. variation in morphology of the secretory granules and positive immunohistochemical staining for calcitonin ( Table 1 ) a diagnosis of medullary thyroid carcinoma was made in specimen 1. Despite the negative staining for calcitonin in specimen 2. the microscopic appearance and negative immunohistochemical staining for thyroglobulin supports the diagnosis of medullary thyroid carcinoma. Another possibility to consider is an anaplastic thyroid carcinoma. 
Metastatic Testicular Embryonal Carcinoma in a Horse

B. A. VALENTINE A N D D. WEINSTOCK
Testicular neoplasia, although common in man. dogs. and Fischer rats." is rare in the horse.D I 4 An accurate determination of the incidence of equine testicular tumors is difficult as many horses are castrated at a young age. Teratomas have been reported most commonly in the horse. occur in young animals and are sometimes associated with cryptorchidbeen reported." I' 2 3 x Interstitial cell tumors and Sertoli cell ism.6.14 17.-'"" Seminoma and malignant seminoma have also tumors are rare.lJ Ib Spontaneous testicular teratoma and embryonal carcinoma have been described in strain 129 mice.11' I ' I n I Y however. embryonal carcinoma has not been previously reported in the horse. In this report the diagnosis of testicular embryonal carcinoma was based on the characteristic histopathologic and ultrastructural appearance and positive immunohistochemical staining for alpha-fetoprotein. A 7-year-old Standardbred stallion was presented with an enlarged, firm right testis. Both testes were descended and the left testis was grossly normal. The right testis was surgically removed. Four months later. enlarged sublumbar lymph nodes were palpated on rectal examination, and the horse was killed painlessly at the owner's request. A complete necropsy was performed.
Surgical specimens and tissues taken at necropsy were fixed in 10°/o neutral-buffered formalin for light microscopy. Paraffin-embedded sections were stained with hematoxylin and eosin (HE). Testicular tissue was post-fixed in osmium tetroxide and embedded in epon-araldite for electron microscopy. lmmunohistochemical studies were done on formalinfixed, paraffin-embedded sections of testis and pulmonary metastases using a modification of the unlabelled antibody peroxidase-antiperoxidase technique. Briefly. unstained sections were hydrated through graded alcohols, rinsed in 0.05 M Tris-HC1 buffered saline for 5 minutes, and then incubated with 3% hydrogen peroxide for 10 minutes. Sections were then incubated for 30 minutes with normal swine serum diluted 1 :20 in 0.5 M Tris-HCI. Sections were incubated overnight in a moist chamber at 4 C with anti-human alphafetoprotein (Dako Corp., Santa Barbara, CA) diluted 1 : 100 and anti-beta human chorionic gonadotropin (Ortho, Raritan, NJ). Sections were also incubated with normal rabbit serum to detect non-specific staining. Positive control sections were incubated with the appropriate antisera. After incubation with specific primary antiserum. all sections were incubated for 20 minutes with peroxidase-antiperoxidase complex (rabbit origin) diluted I : 100. Sections were stained for peroxidase localization by incubation for 5 minutes in a solution of 6 mg 3-3' diaminobenzidine tetrachloride dissolved in 10 ml of 0.5 M Tris-HCI. Mayer's hematoxylin was used as a counterstain.
In addition. liver sections from an 8-month aborted equine fetus, and sections of an equine testicular seminoma were stained for alpha-fetoprotein by the method described.
The affected testis was 14 x 11 x 1 1 cm. The surface was slightly nodular, and the tunics were smooth and glistening. The spermatic cord was present and was grossly normal. On cut surface. the testis was almost entirely replaced by a firm white lobulated mass with central necrosis and hemorrhage ( Fig. 1) .
Pertinent necropsy findings were multiple masses involving sublumbar and penaortic lymph nodes, parietal pleura, mediastinum. lung. and heart. The sublumbar masses formed three large discrete nodules, and together occupied an area of approximately 8 x 5 x 3 cm. A 2 x 3 x 4 cm firm tan mass was present on the parietal pleura at the sixth left intercostal space. A 9 x 5 x 5 cm encapsulated soft white mass with central necrosis was located in the cranial mediastinum at the thoracic inlet. There was an area approximately 5 x 7 x 10 cm in the right cranial lung that contained multiple firm tan nodular masses, some of which were within blood vessels. The heart contained a 1 cm diameter raised tan nodule on the endocardium of the right atrium and a 7 x 4 x 4 cm brown-black finely nodular mass originating from the left auricular wall which extended into the lumen of the left ventricle. The left testis was grossly normal.
Eighteen sections of the testicular mass were examined by light microscopy. The tumor consisted of multilobular cellular masses separated by thick connective tissue septa. The cell pattern varied from sheets and densely packed nests of cells to poorly differentiated acinar and tubular structures in abundant loose mesenchymal tissue stroma. Acini and tubules were lined by one to three layers of cells (Fig. 2) . The cells were pleomorphic. large round to cuboidal cells with large round vesicular nuclei. one to seven prominent nucleoli. and with a moderate amount of finely vacuolated pale basophilic cytoplasm (Fig. 3 ). Cell borders were indistinct. and there were three to five mitoses per high power field. Multiple large areas of necrosis and hemorrhage were present. There was no lymphocytic infiltrate. There were small foci ofwoven bone in necrotic areas. There was no other evidence of somatic differentiation of neoplastic tissue. A small area of atrophic testis with a neoplastic focus remained at the caudal pole. Tumor emboli were present within lymphatics. Sections of spermatic cord had no evidence of tumor.
All metastatic tumor masses were similar in histologic appearance. with variation in the amount of fibrous connective tissue. The cells were arranged in cords. nests. and acini. and cytologic features were identical to those in the primary testicular mass. There were multifocal lymphocytic foci throughout the masses and there were large areas of hemorrhage and necrosis. Tumor emboli were present in pulmonary blood vessels.
Ultrastructural features of the testicular mass included closely packed discrete cells with large nuclei. extensive rough endoplasmic reticulum. moderate numbers of mitochondria, and intercellular desmosomes (Fig. 4) . Occasional microvillus-like structures were also present. After incubation with anti-alpha fetoprotein. the sections of the testicular tumor contained several small foci of cells with characteristic reddish-brown granular intracytoplasmic stain (Fig. 5) . Immunoperoxidase staining for beta human chorionic gonadotropin was negative. Sections of pulmonary metastases and the seminoma were negative for alpha fetoprotein. All standard positive control tissues had binding of specific antisera. The section ofequine fetal liver was diffusely positive for alpha-fetoprotein. Control sections incubated with normal rabbit serum were negative for non-specific staining.
There are two main categories of testicular tumors in man. Germ cell tumors comprise approximately 94% of testicular neoplasia. with the remaining tumors arising from gonadal stromal cells." Germ cell tumors are divided into seminoma and non-seminomatous tumors. Further classification of nonseminomatous tumors is based on the degree of differentiation ( Fig. 6 ).I0-I3 l 5 Embryonal carcinoma, as described in man, is a poorly differentiated tumor composed of solid masses of cells with poorly developed acinar. tubular, and reticular or papillary patterns. Areas of primitive mesenchymal tissue may be present. The acinar pattern may be suggestive of adenocarcinoma. More solid areas may be mistaken for anaplastic seminoma. The cells are large anaplastic primitive epithelial-appearing cells with poorly defined borders and frequent mitoses.5, 11-13.1s The presence of primitive mesenchymal tissue may resemble teratoma, however. the absence of differentiated elements justifies the diagnosis of embryonal carcinoma." Ultrastructurally, cells vary from poorly differentiated cells with few organelles and occasional rudimentary microvilli to more mature carcinoma cells with extensive rough endoplasmic reticulum, Golgi bodies, and orderly microvilli.13 Desmosomes have also been described.s In man these tumors frequently metastasize via lymphatics and blood vessels to periaortic and iliac lymph nodes (96%). lung (84%). liver (80%). pleura (46%). bone (21%), and gastrointestinal tract ( 1 8%). Embryonal carcinoma is most commonly diagnosed in young adults and the five-year mortality rate is 64.5%."
Teratoma is defined as a complex tumor composed of differentiated elements derived from at least two of the embryonal layers (endoderm, mesoderm, and e~toderm).'.~.' ' -I 3 Mixed tumors containing both embryonal carcinoma and teratoma (teratocarcinoma) are relatively common in man,3.s.10.1 1.13 with a reported incidence of 14 to 34% of testicular turnors.I3
It is generally accepted that the non-seminomatous tumors in man arise from neoplastic pluripotential germ cell^.^.^".^^.".'^ Studies of the early history and development of embryonal carcinoma in strain 129 mice have documented the differentiation of embryonal carcinoma to teratoma. and to extraembryonic yolk sac elements and choriocarcinoma.X.lR Several authors have concluded that embryonal carcinoma is a transitional step in the development of teratoma in Immunohistochemical techniques to demonstrate specific tissue antigens have proven useful in the diagnosis of testicular tumors in man. Alpha-fetoprotein is normally synthesized by the fetal liver and yolk sac.l Synthesis of alphafetoprotein by neoplastic cells may resume post-natally with development of hepatocellular carcinoma' or embryonal germ cell tumors with endodermal sinus (yolk sac) differentiation. 1.7.Y.12.15.21 In a prospective study of 189 orchidectomy specimens, 66% of non-seminomatous tumors stained positively for alpha-fetoprotein. All endodermal sinus tumors, 2 1% of embryonal carcinomas, and 20% of teratomas were alpha-fetoprotein positive. Seminomas were alpha-fetoprotein negative.' In embryonal carcinoma, positive staining may be present in focal areas clearly resembling endodermal sinus differentiation, or it may occur in single cells or small groups of cells in more solid areas.'.I2.l5 Anti-human alphafetoprotein has been shown to cross-react with many species including cat, dog, pig, sheep, mouse, rat. and monkey.' Positive immunohistochemical staining of fetal horse liver in-m a n . 3 . 9 .~n . 12. dicates cross-reactivity with equine tissue. Beta-human chorionic gonadotropin has been associated with the syncytiotrophoblastic differentiation of choriocarcinoma and some mixed germ cell tumor^.^.^.^^.^^ Prior to histologic examination, a diagnosis of teratoma, seminoma. or Sertoli cell tumor was expected, based on gross appearance and previously reported testicular tumors in the horse. The histologic pattern is not consistent with seminoma or Sertoli cell tumor. The failure to identify differentiated embryonic germ cell elements despite examination of multiple tissue sections makes a diagnosis of teratoma highly unlikely. A diagnosis of carcinoma of the rete testis was considered. however this is a rare epithelial cell tumor of man which has characteristic histologic features of papillary adenocarcinoma and continuity with the rete testis.I3 z: The diagnosis of testicular embryonal carcinoma in this case is based on the characteristic morphologic and ultrastructural appearance and demonstration of alpha-fetoprotein production in the primary tumor. The failure to localize alpha-fetoprotein in the pulmonary metastases is not unexpected since only focal staining was present in the testis. Pheochromocytoma is the most common tumor of the adrenal medulla of domestic animals.' It arises from chromaffin cells of the medulla: these cells produce epinephine and norepinephrine which are similar and are rapidly inactivated and excreted as glucuronides.' Recently other substances have been demonstrated in normal adrenals and pheochromocytomas in addition to the classical secretory products. norepinephrine and epinephrine. These include somatostatin.J the enkephalins.s b ''' vasoactive intestinal polypeptide,' corticotropin-like substance. and neuron specific en01ase.~ This report details the light and electron microscopic findings of pheochromocytomas in the horse and dog and demonstrates the immunoreactivity of leu-enkephalin and somatostatin within the tumor cells.
A 13-year-old mixed breed dog was submitted for necropsy. The dog had been found dead and had exhibited no signs of illness prior to its demise. A 16-year-old pony mare was submitted for necropsy with a clinical diagnosis of hyper-adrenalcortism. Clinical signs consisted of hyperhidrosis, hypertrichosis. polydipsia. and polyuria.
Tissues were fixed in 10% neutral buffered formalin, processed. embedded in paraffin. sectioned, and stained with hematoxylin and eosin (HE). Additional tissue fragments for electron microscopy were fixed in 2% glutaraldehyde in Tyrodc's buffer at pH 7.3 and in Millonig's phosphate buffered osmium tetroxide. Tissues were then processed, embedded in araldite. sectioned. and stained with uranyl acetate and lead citrate.
Immunohistochemical staining was done using unstained, 5-pm sections of paraffin-embedded tissues. Sections were deparaffinized in xylene and cleared in absolute ethanol. An endogenous peroxidase quench was followed by hydration of tissues through graded ethanol. Tissue sections were then incubated 10 minutes in 10% normal swine serum (DAKO Corporation, Santa Barbara, CA). Excess serum was removed, and an optimal dilution ( I : 500 for rabbit anti-somatostatin,
